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Isolation and characterization of six polymorphic microsatellite loci
for the Malagasy spider tortoise, Pyxis arachnoides and
cross-amplification in Pyxis planicauda
Pablo Orozco-terWengel1, Ylenia Chiari2, David R. Vieites2,3,
Miguel Pedrono4, Edward Louis Jr.5,∗
Abstract. Pyxis arachnoides is a Critically Endangered Malagasy tortoise for which little data about its natural history and
genetic variation are available. This lack of knowledge complicates undertaking conservation measures considering Pyxis
genetic diversity. Here, we describe six new microsatellites for Pyxis arachnoides from wild specimens and several localities,
and the cross amplification of two Astrochelys radiata microsatellites. Of these microsatellites, two are monomorphic among
the three distinct subspecies and a closely related species, while the remaining six are polymorphic. Microsatellite data
are needed for this species to study the inter- and intra-subspecies genetic diversity, especially for the highly endangered
subspecies P. a. brygooi, which currently occurs only in remote localities. The availability of polymorphic microsatellites will
allow identifying the population of origin of individuals and will aid in justifying their management as separate evolutionary
lineages for conservation purposes. The rationale is to preserve both evolutionary processes and adaptive potential.
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Pyxis arachnoides, the Malagasy spider tor-
toise, occurs in dry habitats in southern and
southwestern Madagascar. This species is cur-
rently represented by three subspecies diag-
nosed on the basis of geographic, morpho-
logical and genetic differences (Bour, 1981;
Chiari et al., 2005; Pedrono, 2008): P. a. bry-
gooi, P. a. arachnoides, and P. a. oblonga.
The three subspecies are distributed allopatri-
cally in Madagascar, where P. a. brygooi and
P. a. oblonga have small distribution areas (ca.
500 km2), and the whole species occurs in ca.
2500 km2 (Walker and Rafeliarisoa, 2012). All
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three subspecies experience threat to their sur-
vival due to overexploitation for consumption
and illegal pet trade (Walker et al., 2005; Pe-
drono, 2008). Furthermore, habitat destruction
is contributing to the decline of this species,
with the outcome that in many localities the
species has almost completely disappeared (Pe-
drono, 2008; Walker and Rafeliarisoa, 2012).
This is especially true for P. a. brygooi, which
only survives in remote locations far from hu-
man contact (Pedrono, 2008; Walker, 2010). For
these reasons P. arachnoides has been included
in the Annex I of the CITES (CITES, 2005) and
is listed as Critically Endangered in the IUCN
Red List (IUCN, 2012).
Little is known about this species despite be-
ing relatively easy to sample (Pedrono, 2008),
thus making appropriate conservation mea-
sures difficult to define. Preliminary genetic
data based only on one mitochondrial marker
(cytochrome b gene) and a restricted sam-
ple size per subspecies revealed a high de-
gree of subspecies differentiation and very low
intra-subspecific genetic variation (Chiari et al.,
2005). However, the use of molecular mark-
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ers evolving faster than the cytochrome b gene
in this species would allow to further study
intra- and inter-subspecific genetic differentia-
tion and to identify possible genetically depau-
perate populations or subspecies. Moreover, the
use of heterozygote genetic markers could pro-
vide further information on potential sexual dis-
persal and on other important ecological charac-
teristics of this species that would be necessary
for productive and meaningful conservation ac-
tions. These markers will also allow identifying
important geographic areas that reflect a pro-
portion of P. arachnoides genetic diversity that
should be represented in conservation plans, and
thus emphasize management efforts in the field
(i.e., anti-poaching initiatives) on the protection
of its historically isolated lineages.
Here we describe the isolation of Pyxis
arachnoides specific microsatellite markers and
their application to a collection of samples
representing the species distribution range in
Madagascar. We complemented these markers
with additional microsatellites originally devel-
oped for Astrochelys radiata, and show their
amplification success in three P. arachnoides
subspecies and its sister species P. planicauda.
DNA was extracted form 82 blood samples of the three
subspecies of P. arachnoides as described in Chiari et al.
(2005) (P. a. arachnoides n = 28, P. a. brigooi n = 48, P.
a. oblonga n = 6). These samples were used for the de-
velopment and testing of microsatellites polymorphism of
the new markers. Furthermore, the developed microsatel-
lites were tested for cross-amplification on eight samples
of the closely related species Pyxis planicauda, for which
DNA was extracted from blood following the same protocol.
We also tested 10 Astrochelys radiata microsatellites (Rioux
Paquette et al., 2005) in the Pyxis samples to increase the
number of available polymorphic loci for this species.
Isolation of microsatellites was done by construction of
a plasmid library prepared as described in Chiari et al.
(2006). Six clones presenting microsatellites were identified
in the library and used to generate primers for PCR using
the software package MACVECTOR 6.5.3 (Oxford Molec-
ular Group) (table 1). PCR reactions were prepared and
run following Chiari et al. (2006) with the specific anneal-
ing temperatures indicated in table 1. Genotyping and stan-
dardization of the PCR reaction was performed on an ABI
PRISM 3100 DNA Analyzer (Applied Biosystems, Inc.).
Fragment length genotypes were assigned by GENESCAN
(Applied Biosystems, Inc.) using GeneScan-500 (TAMRA)
size standard. The number of alleles, expected and observed
heterozygosities, allelic richness, and Nei’s genetic diver-
sity (Nei, 1987) were calculated with MSA (Dieringer and
Schlötterer, 2003). GENEPOP (Rousset, 2008) was used
to test for deviations from Hardy-Weinberg equilibrium
(HWE), linkage disequilibrium (LD), the deviation from
zero of the inbreeding coefficient (FIS), and the estimation
of null allele frequencies.
The six newly developed microsatellites pre-
sented an average of eight alleles per lo-
cus and an average heterozygosity of 0.549
among the samples of P. arachnoides (table 2).
The average expected heterozygosity calcu-
lated with the six new microsatellite mark-
ers in the sibling species P. planicauda was
of 0.47 with an average number of alleles
per locus of 3.5. Among the six Pyxis mi-
crosatellites, only four markers (58HDZ242,
58HDZ415, 58HDZ593, 58HDZ645) showed
Table 1. Characterization of six newly developed microsatellites for P. arachnoides. Abbreviations: F: forward primer, R:
reverse primer, AT: annealing temperature in °C, GB: GenBank accession number.
Locus Primer sequence (5′-3′) Repeat motif AT Dye GB
58HDZ146 F GGA GTT CTG TTG GAG GAG CA (TG)16 56 Hex KC491384
R ATC AGG TAA GCC ACG CCC
58HDZ208 F GCA CAG GAG CCA GCG AAC (GT)5AT(GT)5 52 Hex KC491385
R CCC CAT CCC CAA CTC AGG
58HDZ242 F TGT GCT GCT TGT GTT CTC ATA C (CA)12 60 Fam KC491386
R GCT GAT TAG CCT GGT CCT TTC
58HDZ415 F TGT CTC TCA CAG GGG GCA G (GT)25 60 Fam KC491387
R CAC ACA AAA TGA TTC GTT CCT TAC
58HDZ593 F AGT GGG GTG ACC TTG GGC (GT)13GC(GT)8 60 Hex KC491388
R GTA CAA ACT TGA AAC AAA AGC ATG G
58HDZ645 F GTG GGT ATG GCT ATG CTG C (CA)39 52 Hex KC491389
R CTG TTT ATC TGA AAG TAT CCT CAA GA
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Table 2. Microsatellite polymorphism in three subspecies of P. arachnoides (P. a. arachnoides, P. a. brygooi and P. a.
oblonga) and P. planicauda. Abbreviations: SR: alleles size range, n: analyzed chromosomes, AR: allelic richness (± standard
deviation), k: number of alleles, Ho: observed heterozygosity, He: expected heterozygosity, G.D.: genetic diversity (Nei,
1987), FIS: inbreeding coefficient (Wright, 1951). ∗: p-value of test of FIS deviation from zero due to a deficiency of
heterozygosity: ∗: <0.05, ∗∗: <0.005, ∗∗∗: <0.0005.
Locus Taxon SR n AR k Ho He G.D. FIS
58HDZ146 P. a. arachnoides 142 56 – 1 – – – –
P. a. brygooi 142 96 – 1 – – – –
P. a. oblonga 142 12 – 1 – – – –
P. planicauda 142 16 – 1 – – – –
58HDZ208 P. a. arachnoides 181 56 – 1 – – – –
P. a. brygooi 181 96 – 1 – – – –
P. a. oblonga 181 12 – 1 – – – –
P. planicauda 181 16 – 1 – – – –
58HDZ242 P. a. arachnoides 167-193 56 1.9 (0.3) 12 0.75 0.899 0.893 0.169∗∗
P. a. brygooi 171-195 94 1.8 (0.4) 12 0.702 0.793 0.789 0.116
P. a. oblonga 181-184 12 1.6 (0.5) 4 0.333 0.636 0.621 0.500
P. planicauda 181-183 16 1.5 (0.5) 2 0.75 0.533 0.508 −0.448
58HDZ415 P. a. arachnoides 113-189 50 2.0 (0.2) 25 0.96 0.967 0.958 0.008
P. a. brygooi 107-195 92 2.0 (0.2) 33 0.891 0.963 0.958 0.075∗
P. a. oblonga 113-173 12 1.9 (0.3) 6 0.667 0.864 0.833 0.245
P. planicauda 149-187 16 1.9 (0.3) 9 0.875 0.925 0.896 0.058
58HDZ593 P. a. arachnoides 144-182 56 1.9 (0.3) 15 0.893 0.873 0.865 −0.024
P. a. brygooi 148-180 92 1.8 (0.4) 15 0.76 0.841 0.837 0.096∗∗∗
P. a. oblonga 146-166 12 1.8 (0.4) 6 0.5 0.758 0.735 0.362
P. planicauda 152-182 12 1.5 (0.5) 3 0 0.545 0.545 1
58HDZ645 P. a. arachnoides 166-276 52 1.9 (0.3) 14 0.577 0.875 0.869 0.345∗∗∗
P. a. brygooi 162-212 90 1.8 (0.4) 18 0.711 0.842 0.838 0.157∗
P. a. oblonga 168-194 12 1.6 (0.5) 5 0.5 0.576 0.553 0.143
P. planicauda 196-216 10 1.8 (0.4) 5 0.2 0.82 0.811 0.778∗
RAD14 P. a. arachnoides 218-252 44 7.5 (1.2) 13 0.77 0.9 0.891 0.145
P. a. brygooi 202-254 68 7.1 (1.2) 15 0.82 0.87 0.867 0.058∗
P. a. oblonga 212-244 12 7.0 (0.0) 7 0.67 0.83 0.803 0.216
P. planicauda 202-236 12 3.0 (0.0) 3 0.17 0.32 0.310 0.500
RAD932 P. a. arachnoides 150-168 44 1.8 (0.4) 8 0.36 0.82 0.820 0.565∗∗∗
P. a. brygooi 152-174 88 1.8 (0.4) 12 0.66 0.83 0.820 0.206∗∗∗
P. a. oblonga 152-166 10 1.8 (0.4) 4 0.6 0.82 0.789 0.294
P. planicauda 158-160 2 2.0 (0.0) 2 1 1 0.5 –
polymorphism among the tested samples, while
the other two were monomorphic. The lat-
ter were also monomorphic in P. planicauda.
Among the ten A. radiata loci tested, two (ta-
ble 2) were successfully amplified in the Pyxis
samples. These two markers presented similar
levels of genetic variation as the polymorphic
Pyxis specific markers (p-value Welch two sam-
ple t-test (t): expected heterozygosity t11 =
0.82). No significant linkage disequilibrium was
observed for any pair of loci in any of the
subspecies datasets or in P. planicauda satisfy-
ing the requirement of marker independence for
population genetic studies (results not shown).
Although among the polymorphic markers var-
ious presented a range of null allele frequencies
in the different species, only 58HDZ645 pre-
sented a consistent significant deviation from
Hardy Weinberg Equilibrium due to an ex-
cess of homozygotes. However, this deviation
is likely the outcome of underlying population
structure, which requires a more extensive sam-
pling in order to be statistically tested. Fur-
thermore, the estimated frequency of null al-
leles was markedly high in the two taxa with
small sample size, i.e. P. a. oblonga (average ex-
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pected null allele frequency (AENAF) ∼ 0.26)
and P. planicauda (AENAF ∼ 0.24), while in
the left taxa the AENAF was between 0.07 and
0.1. Therefore, while it cannot be discarded that
some null alleles segregate in these taxa, the
nature of the current dataset does not allow us
determining whether these alleles’ frequencies
are of major concern. P. a. brygooi survives in
isolated areas of Madagascar and due to the
high rate of exploitation of this subspecies, most
likely presents much smaller population sizes
than the other two subspecies (Pedrono, 2008;
Walker, 2010; Walker and Rafeliarisoa, 2012).
However, when compared to P. a. arachnoides,
P. a. brygooi expected heterozygosity and av-
erage number of alleles per locus do not sig-
nificantly differ between the two subspecies (p-
value t : mean number of alleles t9 = 0.75; mean
expected heterozygosity t9 = 0.91).
These new microsatellite markers will there-
fore be useful for further studies on the inter-
and intra-subspecific genetic diversity in wild
populations of P. arachnoides and in its sib-
ling species P. planicauda, and will thus con-
tribute to the preservation of their evolutionary
processes and adaptive potential.
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